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Alon& uncharted 

T HERE is no precedent in the aero- 
plane industry. 

It is pioneering — driving along un- 
charted lanes — solving new problems 
solely by individual initiative and the cor- 
rect application of industrial experience. 

This being true, the remarkable 
success of the Wright -Martin Aircraft 
Corporation must be attributed to the 
executive personnel and a determination 
which pervades the entire company to 
build for the great future of aeronautics. 
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NEW 

ENDURANCE RECORD 


Established by 

Union Airplane Motor 
at U. S. Aeronautical 
Testing Laboratory , 
Navy Yard, Washing- 
ton, D. C. 

Best previous record ex- 
ceeded by fifty per cent. 


UNION GAS ENGINE COMPANY 

ESTABLISHED 1885 

OAKLAND - - - CALIFORNIA 
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Where Speed Begins 


In developing the remarkable stand- 
ards of speed which the airplane 
must now meet, great lightness, with 
strength, is indispensable. 

In lightness, speed has its real 
beginnings. 

And while no single factor can claim 
the credit for making possible the 
lightness of the airplane, certainly few 
have been of greater importance than 
the use of Lyni te in the place of heavier 
metals. 

Lynite is rapidly becoming the metal 
of the air. Only a few years ago a 
comparatively unknown product, it is 
being used today for thousands of 
airplanes. 


Lvnite alloys have been developed 
to the point where they have practically 
the strength of cast iron with only a 
third the weight. 

Moreover, the processes of casting 
Lynite have been so far advanced that 
it is now made into engine cylinders, 
pistons and other parts requiring a de- 
gree of foundry expertness unknown a 
few years ago. 

The extent of the service which 
Lynite is performing not alone for 
the airplane industry but for the auto- 
mobile and other industries as well may 
be judged from the fact that it now 
takes eight foundries to meet the 
demand for it. 


THE ALUMINUM CASTINGS COMPANY 

LYNITE and LYNUX Product a 
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Aeroplane Service 

again emphasizes Fedders supe- 
riority in design and workman- 
ship. the leading aeroplane 
builders having adopted Fedders 
Radiators as standard equipment. 

After years of leadership in the 
motor car field, it has been left to 
Fedders to develop the one Radia- 
tor that best withstands the ex- 
tremes of heat and cold, the shocks 
of landing and the severe strains 
peculiar to aeroplane service. 

Let us help solve your problems bv 
telling you more about this Fed- 
ders Aeroplane Radiator. 

WV are especially prepared to 
' wake prompt shipments on any 
desired quantity of J.W/D and 
JN./II radiators. 

Fedders Mfg. Co., Inc. 

BUFFALO, N. Y. 
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For Safety — They All Insist Upon 

lEitiTAL 

EYETECTS 


Not only Aviators in the Army and 
Navy, but also Auto Race Drivers, 
Motorists, Factory Workers and all 
engaged in hazardous occupations 
INSIST upon RESISTAL for 
Safety. The glass 
and injure the eyes. 


cannot shatter 


The Only Guaranteed 
Non -Shatterable Goggles 

We guarantee RESISTAL EYE- 
TECTS will not destroy, reduce, 
distort or impair the vision in any 
way, no matter when, where or for 
what length of time they may be 
continually worn. 

Sole Manufacturers 

Strauss & buegeleisen 

438 Broadway New York City 


Send for 
Free 

B of Standards 
Report 
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When you are overseas — you’ll need a Gillette 
even more than you do here in camp 

Trench life is harder. Shaving more difficult. A Soldier’s skin is apt to 
be burned or chapped. Hot water seldom to be had. Four years of war 
have done more to prove Gillette principles and demonstrate Gillette service 
than . fifty years of peace. 

The principle of No Stropping, No Honing saves time. It saves space and 
weight. It does away with strop and hone — gives the fighting man his 
shaving kit in one compact unit. There is no shaving edge anywhere so 
good and lasting* as the edge of the Gillette Blade. 


the ditty box. No strops or hones to clutter up the Italy, and the Eastern battle fronts. 

ere’ s the Way to Get 100% Efficiency Out of Yoor Gillette 


Gillette Safety Razor Company 

Boston Mass-U-S A.- 
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WYMAN- 

GORDON 


»« 15. 1911 



Only long experience can 
produce forgings which 
will meet the exacting de- 
mands of the successful 
airplane. 

The unvarying reliability 
of Wyman-Gordon prod- 
ucts is the logical result of 
high ideals consistently 
maintained. 

At every stage of manu- 
facture, Wyman-Gordon 
forgings are subject to 
rigid inspection and tests, 
guaranteeing a perfect 
product. 

Engineers and manufac- 
turers are invited to con- 
sult with us in reference 
to any of their forging 
problems. 

Wyman-Gordon Co. 

WORCESTER, MASS. CLEVELAND, OHIO 

GUARANTEED 

FORGINGS 


PRECISION 
BALL BEARINGS 

(MTEHTEP) 

Today whether in men or in ma- 
chines — the measure of value is the 
capacity for service. Not so much 
"what is the price” but "what will it 
do." is the decisive question. To be 
saleable today, a thing must above all 
be serviceable. And serviceability 
commands a ready market and a good 
price. 

~N9R/*lfl" Precision Bearings are 
the standard bearings in high- 
grade ignition apparatus and 
lighting generators because the 
test of time has proved their 
preeminent service capacity. 

Their maximum-service quali- 
ties contribute mightily to the 
service qualities of those better 
cars, trucks and tractors that 
carry "NORfflfl" equipped ap- 
paratus. 

Be SURE — See that your Electrical 

Apparatus is ’IffiBfflfl" Equipped 

THE NORMA COMPANY OF AMERICA 

I 7 PO BROADWfly NEW YORK 

Ball, Roller, Thrust and Combination Bearings. 
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Effect of Initial Stress on Redundant Truss Members 

By H. T. Booth, B.S., M.S. 
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Some Outstanding Problems in Aeronautics 


.... years ago tlie airplane was a curiosity— a 
with, by a lour de force, a man might lift him 
ground and make a hazardous (light through 
means to attract curious crowds to feueed-iu 
body hen 

wring under some 

and returning sately 


> attract curious 

actually rising from the ground and 
ure of control through the — 
starting point. 

What the airplane has become 
decade of the world’s history, and what 


By Dr. W. F. Durand 

e V. S. Advisory Committee for Aeronautics 
leans where- weight. In no other form of engii 
.it tv...., dm nwwaiw for weight savimr so lieu i 
material 
competes . 
is therefoi 




rantry fair 


t. n For* 1 


poigi 


It is perliaps w 


„„ „™. .. stands for to-day, 
need specification in detail. 

: limits of conservation to say 

of man’s inventive and constructive 

genius has undergone more intensive, more rapid, or more 
potentially significant development than has that of Hying 
with an apparatus heavier than the air in which it moves. 

It may be further noted that perhaps no technical and con- 
structive achievement of man 1ms ever called more largely on 
science and on the aid of scientific research to aid in the solu- 
tion of the many problems which have presented themselves 
in the course of this astonishing development iu aerial navi- 
gation which the past decade has witnessed. 

In the circumstances which have determined the direction 
and character of the development of the airplane during till 
decade, and especially in those which have been controllm 
during the post three or four years, it is only to be expecte 
that at the present moment we should find ourselves with many 
partly solved problems on our hands, with others which we 
have hardly more than begun to attack on the outskirt, and 
confronted by others still, the character and significance of 
which we have hardly begun as yet to apprehend. 

~ ic present • ‘ " J ’ * gg| “ : ‘ , ~ 


>t withoi 

.. , s briefly in review some of these problems, no 

present status, together with such indications ns may iu = 
cases serve to point the way toward a possible solution. 

The Problem of Constructive Materials 
Perhaps nowhere is there to be found a better illustrs 
of the interdependence of technical and scientific research 
study than in the manifold advances in various technical 
scientific lines which conjointly have made the airplane ii 
present form a structural possibility. 

Broadly, the modern airplane comprises a body of s 
sort or form fitted with wings to provide tlie supporting 

propeller of some type 10 transform the power 
” r into propulsive work, and by 

- - J e of 




of the r 
weight. 


dative air 


r liftin 


1 wide r 


r, require the following fairly distinct dasi 
ended primarily to give form, strength u 


t foundation on which the entire ft 

tion of the airplane as such must depend. 

Various secondary elements intended s 


tlie principal members together as to secure 
homogeneity of structure ns a whole, and mutually 

comprised under No 
nre those which, f 


. purely structure' 


Surface covering for I he body and wings. 

furthermore the notual surfaces on which me ni 
lifting and supporting forces may* act. 

Broadly speaking, the fundamental problem in all airplai 
' .... . . or function on minima 

it Memorial lecture, read liefore the Boy 


satisfactory solution of the many 
* which airplane construction — 
content, for the most part. 



rolling 


their 


the structure must lie 
„ Xhe structural problem 
of strength in relation to 

„ comprising the skeleton of 

is, thus far, held the main place, with 
laity attracting more and more interest 
of growing importance, at least in the 

study of new designs. 

It is not necessary to our present purpose that we should 
consider in detail present practice in airplane construction. 
The trend of development since the earliest days of the art 
has tended to show that wood construction under suitable 
safeguard was able to provide the easiest and, on the whole, 

., . — i-e— -p » — .'.'..[ns and 

and so 
type of 

that however good may 

be any solution that we may reach of the many problems p 
fact, series of better ones only awaiting our patient study. 
This is indeed a fundamental truth of which we should never 
lose sight. We may be, for the moment, satisfied with our 
solution of a problem in technical industry, we may he able 
to sec nothing better, and yet we may be well assured that, 
as a simple matter of fact, there is something better. This is 
a perfectly safe assertion, if only as based on the law of 
probability of our having, at any given time, reached the 
final optimum possible combination capable of furnishing a 
solution of the problem. 

Thus, os applied to the problem of constructing the frame- 
work of the body of an airplane or of combining together 
wing spars and ribs in such a manner as to form a wing 
skeleton, we may be sure, however good our present practice 
may be and however satisfactory it mny seem, that in reality 
it is not the best, and that long series of better solutions only 
await our intelligent and patient study. 

In this and in all such problems there are always two fairly 
distinct though inter-related parts. 

(a) What materials arc best suited to the purpose in 
view. 

( b ) What disposition shall be made of the materials 
adopted. 

Thus, in the ease of the body, granting wood material be 
tribution of such material as between the main longitudinal 

as to the ex lent to which reliance may be placed on the outer 
covering, especially if of ply-wood. What airplane designer 
can feel sure that, even with given materials, he has reached 
the optimum distribution of function as between the main 
and secondary elements of the body and of a ply-wood outer 
covering? 

Much less, what airplane designer ei " ’ 
having now reached an optimum ci - 
the possibility of metal construction , 
of metal and wood, with all the possibilities of the new light 
metal alloys and of the new alloy steels with their astonishing 
physical characteristics? 

So far as conditioned by the application of the ordinary 
loading tests, static in character, and aside from the possible 
results of dynamic attack, shock, long continued vibration, etc., 
we may perhaps frankly admit that the present state of met- 

of light, aluminum alloys or special steel alloys, which, if prop- 
erly used, will enable us to meet all such static tests in air- 


mbination 


e we adnii 


pla 


and n 


r better 


•ood, and to determine, in the light of the experience which 
e arc so rapidly accumulating during these days of storm 
ad stress in military aeronautics, the combinations of matc- 
o give the most efiicient service on the 

s search for new and better materials 
must go hand in hand search for better modes of combination 
in the structure — in other words, better structural design. It 
goes without saying that the best general type of design, in 
the way of the distribution of materials, forms and propor- 
tions of members, etc., will vary with the class of material 
•employed. There must be some optimum design with wood. 
There will likewise be another and undoubtedly a different 
optimum design in the ease of steel, and again different in 
the case of aluminum or other alloys. Thus the search for the 
best flnnl combition is a search for an optimum optimorum; 
for the best possible material and tor the best possible design 
using such material. 

What order of having may be looked for in the near future 
from any such search it is, of course, idle to predict. Could 
we, however, approach somewhat closely to the best, use of 
the best combination of materials even now available in the 
field of engineering construction and without waiting for new 
and superior materials which the metallurgical art will doubt- 
less he able to furnish, it seems not unreasonable to anticipate 
the possibility of a marked saving in weight without loss in 

This, then, stands out as one of the great problems of aero- 
nautical engineering: that of the best materials and of their 
best use. Much has already been done, but much yet remains, 
and rich rewards most assuredly await patient well-directed 
work in this field. 

The Problem of Size 

One of the most interesting of the problems presented to the 
aeronautical engineer is that of limiting size and carrying 
capacity of airplanes. Is there such a limit? If so, what is 
it? Why is it? And how may it be removed or extended? 

In dealing with this problem we come, of necessity, into 
contact wit h I he laws of similitude of geometrically similar 
structures. It is well known that under simple modes of load- 
ing geometrically similar structures of wing and body will 
have similar factors of safety under equal limit loads. But 
for such structures, if strictly similar geometrically, the 
weights themselves will increase as the cubes of the similar 
dimensions, while the areas of wing or supporting surface will 
only increase as the square, and hence the ratio of weight to 
area will continuously increase as the linear dimension. 

In these circumstances it is readily shown that, in accord- 
ance with the relation of the factors involved, there will be, 
for any given speed, some size for which the lifting capacity 
over and above the structure itself will be a maximum and 
above which the lifting capacity over and above the structure 
will become less and less with increase in size, gradually reach- 
ing zero for some value of the size of the structure. This 
would mean that at such point the su -porting force developed 
at the speed in question would be jus enough to lift the struc- 
ture itself from the ground, but with no reserve for additional 
load. 

This is, of course, a definite law derived from well-known 
principles of geometry and calculus, and, if it were the whole 
story, it would indeed tend to raise an insuperable bar before 
continued expansion in size. If such were the case it would 
mean in effect that increase in lifting capacity could only be 
*— d by the following ir 


plane construction, and on even terms or better as regards 
If such is the case, it certainly stands before us as a prob- 
lem for the near future to pass in review most thoroughly 
the entire range of constructive materials, metallic as well as 


it be increased in n - 

sn considered — increased to a xioint v 
md lifting power great enough to meet any 
e can now formulate or which the future 


the problem of increased s 


(1) Reducing to a mmimum the relatio 
ture to area. That is. general improvement in the pro- 
gram of design and reduction of weight of structure in 
relation to supporting surface. 

(2) Reducing to a minimum the resistance of the plane at 
the given speed and likewise the relation of weight to 
horsepower. 

(3) Raising to a maximum the relation of lifting force to 
area, consistent, however, with the decrease of the total 
propulsive resistance of the plane. 

Were we indeed subject, without recourse, to the operation 
of this law of mechanics and geometry we should be in a sorry 
state regarding the future development of the airplane as 
regards size and carrying capacity. We should be limited 
strictly within the bounds of the developments made possible 
by improvements and advances along the lines as indicated 


above. But, fortunately for the future of aerial navigation, 
we are not so limited, and there seems no reason why, at the 
present time at least, we should need to anticipate any special 
limit as necessarily imposed on airplane construction, as re- 
gards either size or carrying capacity. 

We are able to escape from the consequences of this law due 
to two facts. 

(1) It is not necessary that a large element of an airplane, 
a wing in particular, should be geometrically similar in struc- 
tural characteristics to a small one. For a certain size the 
structural elements will partake of certain characteristics. As 
the over-all size increases, these elements may take on new 
characteristics. Those which had been solid may now become 
hollow or of lattice or built up form. The law of. geometrical 
similitude will not hold and the weight will not necessarily in- 
crease in ratio with the cube of the over-all linear dimensions. 

(2) It is by no means necessary that a large airplane shall 
be, in its general form, a geometrical copy of a small one. 
While both will have similar elements, such elements need not 
be the same in number or arrangement. In fact one of the 
most obvious of means for increasing lifting power is to in- 
crease the number of the wings or lifting elements. There is 
no reason, at least structurally, why wings and connecting 

. should not be increased iu number beyond anything 

” • ’ ’ ’ _ - ; -t which 

would give a i 

seems likely to present. 

Structurally, therefon 
sents three problems, ns umv-». 

(1) The structural problem of so developing the character 
of the elements of airplane construction such as wing 
spars, longerons, struts, ribs, etc., that with increase in 
over-all dimension the weight shall not increase sensibly 
faster than as the square of such dimension. 

(2) The structural problem of combining the larger elements 
of airplane construction such os wings, bodies, or en- 
gine nacelles with their connecting structures, ill such 
manner as to secure, for a given wing area, the minimum 
weight of secondary structure. 

(3) The aerodynamic problem of combining multiple wing 
elements in such manner as to reduce to a minimum the 
interference of one with another. This is a problem 
which opens fascinating possibilities to the student of 
experimental aerodynamics — a problem on which al- 
ready some beginnings have been made, but one far 
from a final or as yet wholly satisfactory solution, and 
one on which the ‘future development of greatly in- 
creased size and carrying capacity seems destined to 
largely depend. 

In short, then, so far as increase in size is concerned, there 
seems no reason to apprehend any particular limit, or any 
serious difficulty on the pnrt of the scientist and the engineer 
in meeting the demands of the future in these respects. The 

difficulties sr - ‘ " — '' ' * 

come in the 

development from tl— — ..... ..... ... 

engine power to ocean navigation during the first half of the 
last century- dow-n to the mammoth floating structures of the 
present time; and if we may take any indication from the ac- 
celerated rate of progress which has characterized the entire 
history of aerial navigation, we may feel confident that we 
shall not have to wait a half or three-quarters of a century for 
a parallel development in the latter field. 

Variable IVing Area or Variable Wing Camber 

To mention only one of the many remaining problems w 


are connected with the design and construction of the airplane 
itself, a word may be said with regard to the problem of varia- 
ble wing area. Broadly speaking, the ideal airplane should be 
able to change its wing area in accordance with the conditions 
and circumstances of flight- For ease in getting off the grounc. 
at a moderate speed, for ease in landing likewise at a moderate 
or low speed, there is need of a relatively large area of wing or 
supporting surface. For the attainment of high speed, re- 
duced wing areas are needed, and arc furthermore sufficient for 
the support of the weight at such high speeds. The supporting 
force gained by a given form of airplane wing depends oil the 
area, the speed, and the angle of attack, and there will be 
some combination best for each set of conditions. To meet 
these conditions, varying from time to time throughout the 
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strut' tion of the 160-hp. engines, also resembles in many ways 
the 260-hp. type. The usual Mercedes practice of costing the 
lower hair of the mnin bearing housings integral with the bot- 
tom half of the base chamber, and also the method of holding 
down the cylinders by long bolts which pass through the base 
chamber top half and secure the two halves of the crank- 
chamber, is adhered to. 

Paine Gear — The single inlet and exhaust valves of each 
cylinder, which work at an angle of 15 deg. to the central axis 
of the cylinder, me interchangeable as in the 160-hp. engines 
and are of similar design ■, the valve operating gear is, however, 
of new design, and follows more the construction of the valve 
gear on the 260-hp. Mercedes engines. 



Fto. 2. Overhead Camshaft and New Valve Gear, Show- 
ing Detachable Valve Rockers and New Design 
Of Am Pc Mi* 




5, and the casing is supported on long studs which are 
screwed into the head of each cylinder. 

With regard to the valve timing, this, it will be noticed, is 
different from the standard 160-hp. Mercedes, as shown in the 
comparative list of leading particulars. The valve lift hts 
been increased from 0.440 in. on the 160-hp. engines to 0.452 
in. Only very minor differences occur in the actual dimen- 
sional details of the half compression gear in the new engine. 

Carburetors — No alteration has been made in the design of 
the twin-jet dual carburetors. Both carburetors are enclosed 
in a east aluminum water-jacket, which is coupled at the bot- 
tom by a water-pipe to the delivery pipe of the water-pump 
and at the top to the water-jacket of the rear cylinder to the 
top portion of the water-jacket of the carburetors, as shown 

eel tube, which is lagged with asbestos cold 
The throttles are, of course, 
ected and are operated by a cable and also by a con- 


n Fig 3 





pilot jets .5 


rol lever and rod. The float chambers are of ordinary design, 
>ut are fitted with separate Biters attached to the bottom of 
•ach 1’oat chamber, which are easily detachable. These filters 
willed with needle-valve C ' ' ' T ‘ “ 

‘ itude con' 

main jets is 1.473 mm. and the bore of the 
..., Which is the same as in the 160-hp. Mer- 
cedes carburetors. A semi-diagratnmatic sectional view of one 
of these carburetors is reproduced in Fig. 4, for reference. 

The air-intake to the carburetors is taken through the pas- 
sage cast in the central portion of the top and bottom halves 
of the base-chamber, which forms an air chamber between the 
front and rear oil pumps in the lower portion of the bottom 
half of the base. Air enters the central air chamber through 
two holes cast in the sides of the chamber and also warm air 
through a large diameter pipe leading from the central portion 
of the top half of the crank-chamber. 

Camshaft Drive — The method of fixing the camshaft dnirng 
bevel at the top end of the vertical shaft, as shown in the 
sketeh, Fig. 5, is unusual. This method is similar to ’bat 
adopted in the 260-hp. engines, and is so designed as to allow 
of a certain amount of vertical adjustment of the bevels. The 
driving end of the vertical shaft is machined and ground 
parallel, 21 nun. diameter, and is fitted with a key, which fits 
in a kev-way in the driving bevel ; a ground taper on the bot- 
tom extension of the bevel, which is split by four saw-cuts, and 
into which screws a ring nut, locks the bevel securely in posi- 
tion on the vertical driving-shaft. . . 

In the old 160-hp. Mercedes engines the camshaft driving 
bevel on the vertical shaft is fixed by two bolts in the split 
sion of the bevel, which is fitted on to a ground taper on 
irtieal shaft. 
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deep. Willi tile original hydrogen chamber of 20 mm depth 
the fabric did not reach its maximum permeability until sev- 

passage of the hydrogen was several times the normal rate. 
With the hydrogen spaee restricted a constant permeability 
was reached 30 minutes after -starting the test. 

The cells are normally used in a vertical position. To deter- 
mine whether this had any effect on the result, a cell was oper- 
ated in various other positions. As was to he expeeted, no 
effect due to position was observed. 

In a similar manner the effect of direction of gas How was 
tested. With a cell suspended in a vertical position it made no 
difference in the apparent permeability whether the air was 
introduced at Urn top or at the bottom of the cell. In opera- 
tion it is our practice to introduce the hydrogen into the cell at 
the top and tile air at the bottom, on the theory that the cell 
will he swept out more rapidly. It probably makes little, if 
any, difference, however, if the chambers are small and the gas 
current sufficiently rapid. 

To determine what effect the area of the test piece had on 
the apparent permeability, cells of different sizes were con- 
structed. These cells had fabric areas of 50, 100, 250 and 
1000 cm: 

If the hydrogen which passes through the fabric is not 
rapidly removed from the surface, the partial pressure of the 
hydrogen might become sufficiently great to lower the apparent 
permeability appreciably. Any such increase of the partial 
pressure of hydrogen at the surface of the fabric is prevented 
by the high rate of diffusion of hydrogen. The accumulation 
of hydrogen in the cell is prevented by the current of air which 
reduces the average concentration of hydrogen in the cell to 
1 per cent or less. For these reasons it is to be e pected that 
the apparent permeability would be independent of the rate 
of air llow* anil of the area of exposed fabric within rather 
wide limits. 

The results of a series of tests with these cells showed that 
these conclusions were substantially correct. The small (50 
cm’) cell gave practically the same apparent permeability as 
the 250 em* cell, but the results were less concordant. The 
agreement lietween the 100 and 250 cm' cells was very good. 
With the 1000 cm' cell apparently a longer time was required 
to reach equilibrium. 

If the hydrogen is able to penetrate laterally between the 

( lies, the effective area of exposed fabric may not be defined 
y the edge of the gas chamber, but may be somewhat larger. 
This edge effect would of course be proportionally greater in 
a small cell than in u large one. No such consistent difference 
was note*!. It has been found, however, tliat where a heavy 
cloth, with its consequently coarser texture, is used in the con- 
struction of the fabric, or where a light cloth is used; hut the 
rubber does not penetrate between the threads that such edge 
leakage occurs; the resulting apparent permeability is high, 
depending upon the relation of the area of the margin of the 
test piece to the area of the gas chamber. If the fabric lias 
no rubber on one of its outer surfaces the proper application 
of vaseline to the margin will seal the fabric and prevent leak- 
age past the edge. However, if there is a coating of rubber 
on both sides, the vaseline cannot penetrate the rubber and 
seal the fabric. The best way of reducing the error from this 
source in the second case is to reduce the marginal area to a 
minimum and to apply hot vaseline to the edge of the test piece. 

(A) Concentration of Hydrogen . — The tests discussed so 
far were made with hydrogen of approximately 100 per cent 
puritv. If the concentration of the hydrogen in contact, with 
the fabric be reduced by admixture of air, it seems probable 
that the apparent permeability of the fabric to hydrogen will 
be reduced about proportionally. Karr and Thomas " conclude 
from two experiments with mi tures of air and hydrogen that 
the permeability is directly proportional to the partial pres- 
et! re of the hydrogen. 

No tests of this point have been made as yet at the- Bureau, 
since for testing purposes the use of pure hydrogen is desir- 
able from every standpoint, and it is known that if the hydro- 
gen contains air. the apparent permeability to hydrogen will be 
reduced about proportionally. This is aii important point to 
consider in connection with volume-loss methods, since the dif- 
fusion of air into the hydrogen chamber will lower the partial 
pressure of the hydrogen and consequently the apparent per- 
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Because of the comparative simplicity of the volume-loss 
method it is important to determine the precision and relia- 
bility of results obtained with that method, in the discussion 
of the theory* of the permeability process it was stated that (he 
penetration of the fabrie by the hydrogen was accompanied by 
a simultaneous passage of air through the fabric in the oppo- 
site direction. For this reason the volume loss determined is 
not the hydrogen which has escaped but that volume less the 
volume of air passing through the fabric into the hydrogen 
chamber. It is of interest to know what the numerical relation 
between results determined by the two methods is; also, if 
there is any great variation in the relative rates of penetration 
of rubber films hy hydrogen and air, it is a fact of importance. 

the apparatus shown in Fig. 7 was designed. It consists of a 
cell similar to that shown in Fig. 4 and identical with the cell 
of that type having an area of UMI cm’ except that the hydro- 

The large volume of the hydrogen chamber prevents any 
considerable reduction of the partial pressure of the hydrogen 
through the small volumes of air which diffuse inward. 
Attached to the hydrogen chamber is a graduated measuring 
tube which is connected by the orifice shown near the top with 
a constant-pressure tlask. As hydrogen escapes through the 
fabrie, water from the constant-pressure tlask drops into the 
burette through the orifice to tnke its place. The decrease in 
volume of the confined gas is determined by the increase of 

space is known and corrections are applied for the changes 
in temperature and pressure which may occur during the test. 
Since the fabric chnnges temperature with the surroundings, a 
further correction is necessary for the change of permeability 

well-greased linages of the cell. The gas 'chamber was then 
tested for leaks by placing it under a small pressure of nir. 
If it was air-tight, the air in the gas chamber and burette 
was swept out with hydrogen, and the chamber left filled with 
hydrogen under a pressure of 30 mm. of water. The decrease 
in gas volume was then noted at 30-minute intervals. A cur- 
rent of air wns passed through the upper chamber during the 
period of test. 

This apparatus is similar in principle to the apparatus of 
I ."handy. Kahntliier. and others and combines their host fea- 
tures. It was developed primarily for experimental purposes. 

(b) Heent'e of T"*t ». — The results obtained with this appa- 
ratus, vising^ a series _of fabrics from three different manufac- 

penneabilitics of l he same fabrics as determined with the 

The conclusions drawn from these results anil the experi- 
ence in the use of this and similar apparatus may* he sum- 
marized as follows: 


TABLE a.— APPARENT PERMEABILITY AS DETERMINED BY THE 
VOI.I'ME- LOSS METHOD 


Fabric No. 


poaS^Ld. 

— ■ - 

H 



; i 

i_ 


With this size of cell the actual volume of hydrogen escap- 
ing per hour is usually small and the errors of measurement 
relatively large. The results are not very* concordant and the 
precision secured is low compared w*ith the standard appa- 

Great care must be taken to secure a gas-tight joint between 
the fabrie and the cell in order to prevent any leakage other 
than through the fabrie. A small leak in the hydrogen cham- 
ber of apparatus of the penetration type is unimportant, hut 
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a reading is taken every half hour until a constant permea- 
bility is indicated. It' the combustion method is used, the fab- 
ric should remain in the apparatus in contact with the atmos- 
phere of pure hydrogen for a period of one hour before begin- 
ning a test. 

The permeability is calculated in liters of dry hydrogen 
escaping per square meter of fabric per 24 hours, the volume 
of hydrogen being corrected to the standard conditions of 
0° C and 760 mm . pressure of mercury. 

8 — Operating Directions and Calculations 

In the preceding sections many of the details of operation 
such as pressure, temperature, etc., have been discussed at 
length. It may be well to call attention also to certain other 
points which must be taken account of in order to secure con- 
cordant results. 

To begin with, the fabric should be firmly fastened in the 
cell and the area of fabric exposed to the hydrogen should be 
definitely known. If the faces of the cell are not exactly plane 
or if they are insufficiently lubricated or if the cell is not 
bolted together tightly, hydrogen may leak past the edge of 
the gas chamber and increase the area of the exposed fabric. 
The results will accordingly be too high and will probably be 

The air current should be maintained as uniform as possible. 
The air can be forced through under low pressure or it may be 
drawn through by slightly reducing the pressure at the outlet 
with a water pump or other vacuum pump. To aid in main- 
taining a uniform pressure, a water-sealed, gas-pressure regu- 
lator may be used. A long piece of capillary glass tubing 
inserted in the air line also tends to reduce fluctuations in the 

The hydrogen should be passed through the cell rapidly at 
the start of a test in order to sweep out the air as quickly as 
possible. When the air is removed the hydrogen need he 
passed only slowly in order to sweep out the air which dif- 
fuses through the fabric. 

The permeability is calculated from the following equation : 

&XFXH 


P -- permeability in liters per square meter per 24 hours. 

|S = rate of air passage, liters per 24 hours. 

A = area of fabric in square meters. 

F = factor by which indicated air rate must be multiplied 
to reduce the gas volume from the condition of k 
saturation at the temperature and pressure in the 
meter to the volume when dry and at 0° C. and 760 
i. pressure. 

‘-je of hy< „ 

s calculated as follows : 


p barometric pressure plus pressure above atmospheric 
in the meter. 

I = temperature of meter. 
p„ vapor pressure of water at temperature t. 


A table giving the value of F for different temperatures and 
pressures should be prepared if many tests are to be made. 

Most of the considerations discussed in section 5 apply 
equally well to a method in which the hydrogen is determined 
by combustion with subsequent weighing as water instead of 
by means of an interferometer. The advantages the inter- 
ferometer offere in point of speed and precision have already 
been pointed out. If a suitable interferometer is not avail- 
able, however, the hydrogen may be determined by combustion ; 
in fact, this is the customary method in commercial use. 

To secure correct results by combustion, it is necessary that 
the air and hydrogen from the cell be perfectly dried; that 
the hydrogen be completely burned; that the water formed be 
completely absorbed and its weight correctly determined. This 
can be done with sufficient accuracy if the proper precautions 
are taken. 

The efficiency of drying with any apparatus and drying 
agent should be tested by blank runs. It is desirable to use 
two absorption tubes in series in order to determine the 
efficiency of drying in the first tube. When the second drying 
tube begins to absorb increasing amounts of moisture, the 
first tube should be refilled. 


The combustion of the hydrogen may be accomplished iu a 
number of ways, such as by passing over heated copper oxide, 
platinized asbestos, platinized quartz, palladium black, glow- 
ing platinum wires, etc. Complete combustion can be secured 
by any of these catalysts if the proper temperature is 
employed and the gas is not passed through the combustion 
tube too rapidly. In any case it is well to determine by experi- 
ment that the combustion is complete under the conditions of 
use. It is important that the rate of passage of the air be not 
too rapid to prevent efficient drying and complete combustion. 

Since the amount of water collected is usually small, every 
precaution should be taken in weighing the glass absorption 
tubes. It is desirable that a counterpoise of as nearly the same 
size and shape as the absorption tube be used in weighing. 
The absorption tubes should be wiped with a damp cloth and 
hung in the balance case or a suitable container to permit 
them to assume the temperature of the balance before weigh- 
ing. Rubbing the gloss while dry is likely to produce the elec- 
trostatic charges on the glass which prevent accurate weighing. 


The accuracy with which the permeability of a fabric can 
be determined depends upon the accuracy with which the vari- 
ous factors of the test, such as concentration of hydrogen, etc., 
can be determined, and is closely associated with the question 
of uniformity of fabric. Some fabrics show very close agree- 
ment on duplicate tests and give evidence of being very uni- 
form. Fabric No. 24,579 is a good example of this. Tests on 
eight different test pieces of this fabric showed permeabilities 
between 8.6 and 8.9 liters. Experience with this fabric indi- 
cates that a great many of the differences noted between dupli- 
cate tests on other fabrics are eaused by real variations in the 
permeability of the fabric and nbt by unobserved errors of 
testing. If the fabric contains “ pinholes,” the variations in 
permeability of test pieces may be very large because it is 
unlikely that the small holes will be uniformly distributed and 
be uniform in size. One sample which showed “ pinholes ” 
gave tests ranging from 14.5 to 43.5 liters. In general, dupli- 
cate tests on good fabrics show an agreement within approxi- 
mately 1 liter in the range of 10 to 20 liters. 

With the standard cell having an area of 250 cm. , an inter- 
ferometer giving the concentration of hydrogen to 0.01 per 
cent and a 1/20 cubic foot meter graduated in tliousandtlis of 
a cubic foot aud read to ten tliousandtlis of a cubic foot, it is 
possible to keep the probable experimental errors below 5 per 
cent. Under routine testing conditions the accuracy may vary 
from 5 to 10 per cent. Greater variations than this in the uni- 
formity of the fabric are commonly met with. The precision 
attained— that is. the agreement between successive t 
the same test piece — is somewhat greater tf ‘ ' " 

accuracy attained. 

If the combustion method is used, about the same accuracy 
ean be secured if the proper precautions to secure complete 
drying, combustion, and absorption nre taken. Because of 

usually run. and furthermore it is necessary to obtain the 
average permeability over a period of several hours unless a 
very large cell is used. 

10 — Summary 


e absolute 


The various methods for determining the permeability of 
balloon fabrics to hydrogen are described in this paper; the 
precise and rapid method used at the Bureau of Standards is 
described in detail. The phenomenon of the passage of gases 
through rubber by solution in the rubber is discussed in rela- 
tion to testing methods. Data nre given to show the effect upon 
the apparent permeability of different experimental conditions 
such as temperature, pressure, humidity of' the gas, duration 
of test, etc. A knowledge of the effect of these factors enables 
one to compare results of tests made under different conditions. 
It lias been shown that methods which depend upon the loss 
of volume of hydrogen confined by a sample of the fabric give 
results which lire about 70 ner cent of those obtained by the 
standard method which measures the volume of hydrogen 
penetrating the fabric. This is due to the mutual permeability 
of the fabric to air and hydrogen. 

The author is indebted to Messrs. Francis A. Smith, P. G. 
Ledig, S. F. Pickering, and I. L. Moore for their assistance in 
making the measurements reported. 



Where Liberty Airscrews Are Made 



The Miami Valley in Ohio is one of the important cen- 
ters of aircraft production which have sprung up sine? 
our entry into the Great War. Dayton, in particular, is the 
home of a great number of 
factories manufacturing all 
kinds of aeronautical appa- 
ratus, from complete war air- 
planes to ignition systems for 
aero-engines and turnbuckles. 

Piqua. a few miles from the 
home of the Wright brothers, 
where the airplane received 
its inception, is another im- 
portant center of intensive 

craft program. Here are lo- 
cated the largo lumber mills 
and the airscrew factory of 
the Hartzell Walnut Pro- 
peller Co., which are turning 
out Liberty airscrews in quan- 
tities tliat would comfort the 
enemy to know. 

The airscrews arc manufac- 
tured by the Hartzell Walnut 
Propeller Co. from the very 


logs up. Their buyers are 
calities where walnut timber 
found, and purchase it fron 


constantly visiting all the lo- 
of the best grade is to be 
l the owners of the standing 
trees. The logs are then 
shipped to the lumber mills 
at Piqua, where they are 
sawed up preparatory to be- 
ing converted into the fin- 
ished product by the airscrew 
factory. 

A thoroughly modern ma- 
chinery as well as a rigid sys- 
tem of inspection insure the 
highest standard of quality 
and workmanship, while par- 
ticular care is taken to give 
the airserews a beautiful fin- 

Robert N. Hartzell, a son 
of Geo. W. Hartzell, is man- 
ager of the airscrew factory; 
Frederick Charaway, one of 
the early American pioneers 
of airscrew design, is consult- 
ing engineer; Axel Lungardt 
is factory superintendent. 
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WHEN THE CE0R10VS DAWN OF VICTORY COMES AND THE TRVE 
STORY OF THE WAR CAN BE TOLD. IT W1L1 BE FOVND THAT CVRTISS 
AEROPLANES AND CVRIISS AAEN HAVE "DONE THEIR BIT." 
CVRTISS AEROPLANE AND MOTOR CORPORATION, BVFFALO.V.S.A. 
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in the: air 

Calls for 

Speed — Strength — Ease of Control 

In addition to these vital requisites the new 
Continental Pusher offers wide range of 
vision for Observer.CameraMan orGunner. 

The Continental Aircraft Corporation 

F tclory and Aviation Field New YorK Office 

AMITYVILLE, L. I. 120 LIBERTY STREET 

MANUFACTURERS OF 

Airplanes, Experimental Airplanes and Parts 



WITTEMANN-LEWIS 

AIRCRAFT 

COMPANY 

NEWARK, N. J. 

Main Office and Factory: 

Lincoln Highway 
near Passaic River 



Thomas .Modse Aipcpaft Corporation 



ITHACA . N.Y. O.ff.A. 


Contractors to U. S. Government 



4CKERM/1N 

LANDING 



aimr/ERVICE 

make them the loq’cal ~e; 

tor the Mot oti Airoldne. 

Weight 96 pound/ complete with 
, , __ builttor craft weiqhinq 2500 r-’.: 

WHECL/jni' 1 ' VO ,v G GEAR/ 

. •w - bi ilt o ary ✓ire tnachint 

h'HE ACKERMAN WHEEL COMPANY 

540. Rockefeller Building. CLEVELAND. OHIO. U.S.A. 


Telephone, Market 9096 




a counterbalanced aviation 
crankshaft .... 

Patented July 10th, !»1T 

one of the I 8 different 
models we are now making 
for I 4 aviation motor companies . . . 
reduces vibration and eliminates bearing pressure 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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The HOLBROOK Co 

New York City 

MANUFACTURERS 

Airplane Propellers 
Airplane Sheet Aluminum Parts 
Airplane Sheet Metal Parts 
Airplane Woodwork 
Airplane Upholstery 
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P. PRYIBIL 
MACHINE COMPANY 

MANUFACTURERS OF 

FINE WOOD WORKING MACHINES 

WE HAVE SERVED 

Curtiss Engineering Corporation 
L. W. F. Engineering Company 
Wright-Martin Aircraft Corporation 
Standard Aircraft Corporation 
Continental Aircraft Company 
Why not you? 

Factory, 512-524 West 41st Street, New York City 
Established 1862 


WIDMAN 

Manufacturers of 

Waterproof Ply Wood Panels of All Thicknesses and Plies 

Stand Highest in Government Tests for 
Strength and Water Resisting Qualities 

FABRICATORS OF PARTS OF ALL KINDS 

OUR ENGINEERING DEPARTMENT IS AT YOUR SERVICE 

Sales Agents for Certus Glue 
Absolutely Waterproof and accepted by the Government 

J. C. WIDMAN & COMPANY 

Fourteenth and Kirby Avenue Detroit, Michigan 
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AIR PLANE DRY KILNS 


We are prepared to design, equip, install and operate according to Aircraft 
Engineering Division Specification No. 20,500-A. 
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GRAND RAPIDS VENEER WORKS 

Rapids, Michigan Seattle,' Washington 
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FUEL LEVEL 
GAGES 



This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 



0 


Other types of gages 
in large quantities 
are “ doing their 
bit ” as part of the 
equipment of Eng- 
1 i s h Government 
Warplanes. 


§ 


BOSTON AUTO GAGE CO. 

8 WALTHAM STREET, BOSTON, MAS: 


ROME 

AERONAUTICAL 

RADIATORS 


Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 
product. 


STRONG 

EFFICIENT 

DURABLE 

Used on the best American flying mach: 
Our engineering department is at 


Rome - Turney 

Rome, N. Y. 



The Real Article 


The American Aviator 
The American Airplane 
The American Goggle 

THE AVIGLAS 




PETERS CRANKSHAFT GRINDER 

£liTrhina.i<?s Costly 3kj21<pcl _L cih> ojr~ 



If you are interested in the airplane 
from the technical standpoint 


Subscribe to 

AVIATION AND AERONAUTICAL ENGINEERING 


SIX MONTHS’ OFFER 
The Gardner-Moffat Co., Inc. 
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Aeronautical Trade Directory 


GROVER C. LOENING 


THE NEW 1918 EDITION 


Of his extensively used textbook 

Military Aeroplanes 


JACUZZI BROTHERS 

2034 San Pablo Avenue, Berkeley, Calif. 
Propeller Manufacturers 


Baker's 

A-A 

Hoastcrr Oil 


Specialty Refined 
for the Lubrication of 
AERONAUTICAL MOTORS 


BAKER CASTOR OIL CO.. 

c ^h*unded IBST 

The- Oldest and Largest Manufacturers 
of Castor Oil in the United States 
120 BROADWAY * - - NEW YORK 
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THE DEFIANCE AUTOMATIC 
AIRPLANE PROPELLER LATHE 



IT HAS GOVERNMENT AND MANU- 
FACTURERS’ ENDORSEMENTS 



THE DEFIANCE MACHINE WORKS 

DEFIANCE, OHIO, U. S. A. 

NBW YORK LONDON 


“DALTON SIX” 

In the Manufacture 
of Aeroplanes or the 
many small parts 
comprising a Unit 

“Dalton Six” 

is indispensable. 

Furnished for 
English or Metric 
Thread Cutting. 

One Manufacturer 
of fine instruments 
for aeroplanes now 
has 

(36) “DALTON SIXES” Installed 

Why Not Investigate 7 
BULLETIN B602C GIVES DETAILS 
Dalton Manufacturing Corp. 

Successors to Dalton Mach. Co., Inc. 

1911 Park Avenue New York, U. S. A. 






Propeller Shaping: Machine 


For Two, Three and Four-Bladed 

A brand new machine — designed and built with 
the thoroughness characteristic of all Mattison 
woodworking machines — which has been approved 
by many of America's largest propeller mamt/sr- 


It works dose to finish-size, thereby eliminating 
the greater part of the expensive hand work which 

(Trite or IFire lor DetaiU 


Mattison Machine Works 

879 FIFTH STREET BELOIT, WISCONSIN 



Aeronautical Trade Directory — Continued 
GOGGLES METALS 



OILS AND LUBRICANTS 



LUMINOUS COMPOUND 

BADIUM LUMINOUS MATE- 


MACHINERY, METAL 
WORKING 



DEFIANCE MACHINE t 


^ WOBKS 

Tates" - ' P " MAC . BIN . B c 

MAGNETOS 

Berkshire Magneto Corp. 

Ericsson” mfg°co. 

Bemj Electric Co. 

Bplltdorf Electrical Co. 

MANIFOLDS 

AJAX AUTO & AERO SII 
METAL CO. 

Pressed A Welded Steel Pro* 







R L M on Battle Planes 


A VIATORS in the fighting forces do much 
-of their flying at night. It is of para- 
mount importance that instrument dials be 
rly visible at all times. That explains why 
ous Material (RLM) is on 


Radii 

RLM 


“fro 


Radium Luminous Material Corporation 

55 Liberty St. 9t=>fi Pl *"'*-' Orange. N. J. 
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Fahrig Anti-Friction Metal 

The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 



Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 

When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 

FAHRIG METAL CO., 34 Commerce St,N.Y. 


Elastic Aviation Cord 

For Shock Absorbers on Airplanes 





TURNBUCKLES 

of tho 

Highest Quality 

to Meet the Moat 
Exact Requirements 

Standard Turnbuckle Company 

CORRY. PA. 

New York Office: Woolworth Building 
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PYROMETERS ro 


. ELASTIC WEB 


(gjliOB INSTRUMENT i 

RADIATORS 


SHEET METAL 
FITTINGS 

ILCM. JULIUS a CO. 

SHOCK ABSORBERS 


^ SP A RK-PLUGS 


SPEED INDICATORS 


STABILIZERS 


BPBRBY GYROSCOPE CO. 

STAMPINGS 

BLUM. JULIUS a CO. 
LANSING STAMPING & 


MOTOR-COMPRESSOR C 


INSTRUMENT I 


HALL-SCOTT MOTOR C 


SCHLEMMER 


LANSING 


PENNSYLVANIA 

ETALLIC TUB: 

UPSON. EDWII 

TURNBUCKLES 

DAYTON METAL PRODUCTS 
ERIE SPECIALTY CO. 


TIRES and RUBBER 

GOODYEAR TIRE’ A RUBBER 


A pencil 
that helps 

T HERE’S more ex- 
pected of you as tech- 
nical men now than ever 
before — more work, 
greater speed, greater ac- 
curacy. 

All the more reason 
why you should make 
sure of getting the pen- 
cil that will help facil- 
itate your work. 

ELDoraDO 

~i/te master drawing pencil “ 

is proclaimed by all who 
try it “A real American 
Achievement.” The hard 
grades draw clean, clear 
lines without smudge or 
scratch,. The softer grades 
are smooth, responsive, easy 
to work with. Among the 
17 true degrees — 6B (softest) 
to 9H (hardest) — is a pencil 
that will prove an efficiency 
device and a labor-saver 
every day in your work. 

Write us now on your letter- 
head for free full-length sam- 
ples of your favorite degrees. 

JOSEPH DIXON CRUCIBLE CO. 

Dept. 146 J, JERSEY CITY, N. J. 
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128 


VIATION 


3. 191S 


“DURAL- Above All” 



Every Part Is Vital 

We work on the idea that in aircraft 
construction every single part of the 
whole should be as perfect as it can 
be made. A screw nail should be con- 
sidered as seriously as a propeller. 

We specialize in rubber parts for 
aircraft. Our chemists know how to 
produce good rubber — and they are 
allowed to do it. The men in our mill 
and calendar rooms are old, experi- 
enced rubber workers. 

The workmen are experts in their 
line and all of them are thoroughly 
saturated with the Dural idea— “ If it’s 
for aircraft it can’t be too good.” 

We are manufacturing grip handles; 
wire protectors; tail skid streamlining: 
radiator hose; vibration or wear reduc- 
ing pads; grommets; matting; pedal 
floor and foot holes; oil tubing; air 
tubing; petrol tank washers; tubes and 
shock absorbers. 

Order these direct from us or. if you have 
an idea or suggestion for utilizing rubber in 
aircraft construction, our laboratories, plant 
and staff are at your disposal. Simply write 
to us outlining your idea. 



‘ Dependable ‘Ball Bearings 

THE FAFNIR BEARING CO. 

NEW BRITAIN, CONN. 



TERTUS 


trademark 


Certus 

Cold 

Glue 

The Glue with a 
Grip that Never 
Lets Go 

Certus is the original 
waterproof glue, every 
package bears the trade 
mark, use no imitation. 
Certus met all govern- 
ment requirements. It’s 
the one glue that does 
more than asked for. 

Get in touch with 


Certus Cold Glue Co. 


DURAL RUBBER CORPORATION 

Flemington, N. J. 
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Aluminum Company of America 

PITTSBURGH, PA. 

MANUFACTURERS OF 

Aluminum Ingot, Sheet, Tubing, Wire, 
Rod, Rivets, Moulding Extruded 
Shapes, Electrical Conductors 


GENERAL SALES OFFICE. 

2400 Oliver Building, Pittsburgh, Pa. 

BRANCH OFFICES: 

Boston 131 State Street 

Chicago 1SOO Westminster Building 

Cleveland 9S0 Leader-News Building 


.120 1 

>216-1218 Widener Building 
1112 Granite Building 
731 Rialto Building 
0 Metropolitan Bank Bldg. 


isas City 
t York . 


Washington 
CANADA 

Northern Aluminum Co., Ltd 


LATIN AMERICA 

Aluminum Co. of So. Am. ..Pittsburgh, Pa. 
ENGLAND 

Northern Aluminium Co., Ltd London 

nearer! Branch Office , or to General Sales Office 


T he reliability of an air- 
plane IN ACTION DEPENDS 
LARGELY ON THE CAREFUL DRY- 
ING OF THE LUMBER USED IN ITS 
CONSTRUCTION. 

M ere kiln drying of the 

GREEN OR SEASONED STOCK 
WILL NOT SUFFICE, BUT MUST 
BE FOLLOWED BY CAREFUL DRYING 
OF DIMENSIONED STOCK, GLUED-UP 
PARTS AND VENEERED PANELS. 

O UR EQUIPMENTS FOR THIS KIND 
OF WORK ARE USED AND AP- 
PROVED BY THE LEADING 
WOOD-WORKING AND MOTOR CAR 
PLANTS ALL OVER THE U. S. A. 

TYRYING SYSTEMS, INC. 

320-322 NORTH MICHIGAN AVENUE 
CHICAGO - - ILLINOIS 

DEPENDABLE DRYING AND CONDITIONING 
EQUIPMENTS 


“The Cavalry of the 
Clouds and The 
Navy That Flies” 

are now being given exclusive and 
intimate expression through the 

Air Service 
Journal 

the official publication of the Air Serv- 
ice Association — the only service 
organization of the aviation branches 
of the Army and Navy. 

The Association was organized 
within the service, by flying officers, 
who elected their own officers, and its 
membership is made up of the men 
who are fighting and will fight our air 
battles. 

In addition to the established edi- 
torial features of Air Service Jour- 
nal — all the news of the Air Services 
each week, foreign aeronautical news, 
notes of the flying fields and ground 
schools, Air Service orders, special 
articles on aeronautical subjects, and 
photographs of aerial happenings all 
over the world — it will feature exclu- 
sive articles by officers of the Air Serv- 
ices through the editorial board of the 
Air Service Association. 

Special offer to new subscribers — two 
dollars a year , 52 issues; or one dollar 
for six months, 26 issues. Regular price 
three dollars, single copies ten cents 

THE GARDNER-MOFFAT CO. 

INCORPORATED 

120 West 32d Street New York City 


THE GARDNER-MOFFAT COMPANY 
120 West 32d Street, New York City 
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WIRE WHEELS 

FOR COMBAT AND ALL OTHER TYPES 
OF 

AIRPLANES 


Our Engineering Department 
will gladly cooperate with you 
in your experimental work 

SPRANGER WIRE WHEEL 
CORPORATION 

DETROIT, U. S. A. 

NEW YORK REPRESENTATIVE 
THOS. C. CHEASLEY 


IN ACTUAL DAILY 

PERFORMANCE 

In every branch of military service — Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty — you will find the 

<£%idum Motocycle 

With Pouierplus Motor 


HENDEE MANUFACTURING COMPANY 


TypeC-20 

Propeller 

Boring 

Machine 


rf . A recently p cr- 
ii-cu-.l machine for 

the modern aeroplane 
propeller hub i 
operation. Extremely durable, compact, am 
cient. Does absolutely accurate and uniform work. 
Specially designed so that no oil can j 
injure the stock. Either belt or direct motor drive. 

Send today for complete details 

f?3. l/ates Machine Go. 

BELOIT. WISCONSIN. U.S.A. 


WEST WOODWORKING 
COMPANY 



Westmoore Propellers 
Swesco Wing Beams 
Waterproof Plywood Panels 
Laminated Construction for All Parts 
Highest Quality 

Quantity Production 

Prompt Shipments 


WEST WOODWORKING COMPANY 

308-324 N. Ada Street Chicago 

Cable address “ 
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STIMPSON-RIVETS 



70 FRANKLIN AVENUE 70 


Make Screw Heao Nails And Rivets Fob Every Purpose. 
EYELETS, HOOKS, GROMMETS and WASHERS for SHOES. 
SHELTER TENTS, CORSETS, LEGGINS, MAIL BAGS. 


M3 

Special 
To 

Order 

BROOKLYN. NEW-YORK 


POXBORO 


QUALITY INSTRUMENTS FOR AIRPLANES 

Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 

Gasoline Level Indicator for circulating oil and water 


THE. FOXBOR.O CO. 

New York Chicago 


Inc., FOXBORO, MASS., U.S.A. 



LIBERTY TURNBUCKLES 

Precision Thread, made 100% accurate by skilled Americans 
Our Enlarged Plant will permit us to take your order 
We specialize in Airplane Turnbuckles only. Send us your 
requirements today 

D. W. F ENGINEERING CO. 

PROVIDENCE, U. S. A. 


OX THE PRESS 

Aeronautical Engineering and Airplane Design 

By LIEUTENANT ALEXANDER KLEMIN 


Price, Postp.ui 
THE GARDNER-MOFFAT COMPANY. INC. 
120 West Thirty-secoxi> Street, New Yoi 
Send me, by parcel post C. O. D., a copy of " A 


: United States, $5.00 net 
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SEAMLESS STEEL TUBING 


Large Stock on 
Hand 

COLD DRAWN SHAFTING AND SCREW STEEL 
Eastern Distributor: BORDEN TOWN STEEL & TUBE CORP. 



Prompt Mill 
Deliveries 


JULIUS BLUM & COMPANY 510-512 West 24th Street, New York, N. Y. 


ORDNANCE ENGINEERING CORPORATION 

NEW YORK OFFICE LONDON OFFICE 

120 Broadway, Equitable Building 19 Queen Anne Chamber,. Westminster, S. W. 

Government Contractors : : Consulting Engineers 

Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 
Designers and Builders of Military and Naval 
AIRCRAFT 



Aviation Photographic Equipment 
The Brock Automatic Camera, Type IV 
The Brock Automatic Camera, Type V 
Enlarging Machines, Scale Map Printing 
Machines, Special Map Drawing 
Instruments 

Field Dark-Room (Collapsible) 

The only Camera, that permit good 
enlsrgement, from negative, made at 
speed, of over 100 mile, per boor. 

ARTHUR BROCK, JR. 

Office — 511 Bullitt Building, 131 So. 
Fourth Street 

Factory — 533 No. Eleventh Street 

Philadelphia, Pa. 

Scientific Instruments, Tools, Dies, Jigs and 


TJ'LYING SCHOOL can accommodate 
six more students at once, teach- 
ing the United States and French 
methods of flying, using Military 
Tractors, dual Dep control and Curtis 
motors. Excellent living accommoda- 
tions — hotel or private. Ideal field and 
surroundings for grasscutter and solo 
flights. 

Special O ffer to Mechanica l Students 
PITTSBUR G AIRC R AF T.C OMPANY 


D’Orcy’s Airship Manual 

“ A singularly timely and useful work, 
which does for the aerial navies of the 
world something like what Brassey’s 
Annual does for the marine fleets." — New 
York Tribune, June 8, 1918. 

$ 4.00 

THE GARDNER-MOFFAT CO„ INC. 

120 West 32d Street New York 
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PASCO 

Wire Wheels For 
AIRPLANES 

ORDERS NOW BEING TAKEN FOR 
PROMPT DELIVERIES 
WRITE FOR PRICES 

National Wire Wheel Works, Inc. 

Geneva, New York 


AIRPLANE MANUFACTURERS 

The United. States Government 
uses and endorses 

THE WARNER AIRPLANE CONTROL 

There’s a Reason 
particulars furnished upon 
request 

Wm.Deshler Warner -Sole Mfftr. 
Ei£h_t - East- • Broad • Street 
COLUMBUS -OHIO 



Jkdmer-Simpson Corporation 
Saranac Lake , N. Y 


ENGINEERING PRESENTATION OF 

INVENTIONS 

AERONAUTIC. MUNITION, MOTOR, GAS AND 
FLAME. SUBMARINE, POWER. TANKS, 
WEAPONS, INSTRUMENTS AND 
ACCESSORIES. 

■DBAS INVESTIGATED. CALCULATED AND DEVELOPED 

PREDICTED VALUES and STRESS 
DIAGRAMS 

PLANS. GENERAL DESIGN AND DETAILED 
MANUFACTURING DRAWINGS 

AUTOMOTIVE ENGINEERING COMPANY 

ITU FLOOR. 120 SOUTH STATE STREET. CHICAGO. ILL. 


DON’T SCRAP ALUMINUM PARTS 

USB SO-LCMINUM— NEW WELDING SOLDER 



Roebling Aircraft Wire 



STRAND AND CORD 


Thimbles and Ferrules 


John A. Roebling’s Sons Co. 

TRENTON, NEW JERSEY 
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Zenith Carburetor 
Company 
fe» T«k DETROIT O>o«9 



LEY GRAND & CO. 

120 Broadway, New York 
MILL AGENTS 

Aluminum Sheets 

Screw Stock, Rod and Wire 


THE BROOKS MACHINE CO. 

Designers and Manufacturers of 

SPECIAL TOOLS, 

GAUGES OF ALL KINDS, 
JIGS, FIXTURES and PARTS for 
AIRPLANE ENGINES 

YORK, PENNA. 


PROPELLERS 


WA DOYLE 
TRENTON NJ 





“Supremacy in the Air the Key to Victory!” 

Learn Aviation Mechanics 


Our Ground Course ii 


Aviation Mechanics 


* s 60 ;,*: 


*'35 


110-114 West 
42d Street 

Talephooa Brpaot 9078 

New York 



Classified Advertising 
ssSbSm N*w‘rSt r ' pll “ to * d " rII >" 


rssws 


INDEX TO ADVERTISERS 


A 

Ackerman Wheel Co. 

Ajax Auto & Aero Sheet Metal Co 

Aluminum Brazing Solder Co 

Aluminum Castings Co 

Aluminum Co. of America 

American Propeller & Manufacturing Co 

Automotive Engineering Co 

B 

Baker Castor Oil Co 

Barcalo Mfg. Co 

Blum, Julius. & Co 

Boston Auto Gage Co 

Brock, Arthur, Jr 

Brooks Machine Co 

Burgess Co., The 


122 

119 

81 

129 

133 

133 


132 

134 


Colil Light Manufacturing Co 123 

Continental Aircraft Corp 112 

Curtiss Aeroplane & Motor Corp Ill 


I). W. F. Engineering Co . 
Dalton Manufacturing Corp. 
Dayton Metal Products Co . 
Defiance Machine Works . 
Dixon. Joseph, Crucible Co.. 
Doehler Die Castiug Co . 

Doyle, W. A 

Drying Systems, Inc 
Dueaenberg Motors Corp 
Dural Rubber Corp 
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134 

129 

78 

128 


L. W. F. Engineering Co 

Lansing Stamping & Tool Co. . 

Ley grand & Co 

Loening, Grover C 


Martin, Glenn L., Co 

Mattison, C., Machine Works 124 

Mayo Radiator Division 

Motor-Compressor Co 


Park Drop Forge Co 

Penn. Flexible Metallic Tubing Co. 

Pratt & Lambert 

Pryibil. P.. Machine Co 


Radium Dial Co 

Radium Luminous Mat 
Roebling's, John A., Sc 
Rome-Turney Radiator 


Eagle Aviation School 

Eriesson Manufacturing Co. 
Erie Specialty Co 


Fafnir Bearing Co 

Fahrig Metal Co 

Fedilers Mfg. Co 

Ferdinand. L. W.. & Co 

Flexo Manufacturing Co 

Foxboro. The, Co 

Fox Machine Co 

Gillette Safety Razor Co 

Goodyear Tire & Rubber Co. . 
Grand Rapids Veneer Works. 
G. and O. Mfg. Co 


Hall-Seott Motor Car Co 

Hammaeher, Schlemmer & Co. 

Hardy, F. A.. & Co 

Hendee Manufacturing Co. . . . 

Hess-Bright Mfg. Co 

Holbrook Co 


J amestown Propeller Co . 
Jacuzzi Bros 

Kawneer Mfg. Co 
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126 

82 


S. K. F. Ball Bearing Co 

So-Lnminnm Mfg. & Eng. Co 

Sperry Gyroscope Co 

Spranger Wire Wheel Corp 

Standard Aircraft Corp 

Standard Tumbuckle Co 

Stimpson, Edwin B., Co 

Strauss & Bnegeleiseu 


Til T . 

Thomas-Morse Aircraft Corp. . 
Tioga Steel & Iron Co 


Wakefield. C. <\. & Co 

Warner. Win. Deshler 

West Woodworking Co 

W id man. J. C, & Co 

Wisconsin Motor Manufacturing Co. 
Wittcmaa-Lewis Aircraft Co 
Wood. J. W.. Elastic Web Co 
Wright-Martin Aircraft Corp. 

W y man-Gordon Co 


Yates. P. B„ Mae 
Zenith Carburetc 
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We manufacture the following parts for airplanes 


All Standard Types of Turnbuckles 
Tie Rods and Clevises 
Thimbles Bolts 
and Clevis Pins 



THE 

DAYTON METAL PRODUCTS CO. 

DAYTON, OHIO/,U. S. A. 
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I 
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PRATT & LAMBERT 
AIRPLANE VARNISHES 

AS pioneers in the study of 
the application of varnish 
requirements to the airplane in- 
dustry, we offer to all airplane 
manufacturers an unusual ex- 
perience and service through our 
Airplane Varnish Laboratory. 

An ‘ “ a "■'-arerproof famuli for icon,/ and fabric 

Liquid Wood Filler ’ Metal ttingslacoucr” *” 

Propeller Varan* Insignia Coatings 

PRATT & LAMBERT-Inc. 

Pioneer, in the Manufacture of Airplane Finishes 
134 TONAWANDA STREET 
BUFFALO, N. Y. 

NEW YORK BUFFALO CHICAGO 

BRIDGEBURG, ONTARIO 
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Stake the life of $ man or the success of a battle — 


against the integrity of an assemblage of metal 
parts and the question of the bearing’s quality 
becomes a definite thing. 0| And in aeronautics 
the stake is all that — and more. So the use 
of bearings in such service becomes the finest 
testimonial for their makers. In this respect 
it’s interesting to note that Hess -Bright Ball 
Bearings are fit to serve. 


For, in addition to all the usual qualities of 
average ball bearings, this Hess-Bright Product 
has unusual wearing power — due entirely to 
exceptional choice of metal for their making, 
combined with painstaking care in their finish. 
They stand excessive strain and stress with 
unfailing dependability. It is this that has made 
them standard. 


THE HESS -BRIGHT MANUFACTURING COMPANY 



Model 0X5 Curti *a motor equipped 
with 8 K F Ball Bearinys 


This caution displayed at the Aviation Training 
Shops is the beacon that warns against carelessness. 
An overheated or improperly lubricated bearing may 
be the cause of sending the best built airplane crash- 
ing to the earth. SKF equipped airplanes are not 
subject to hot bearings, nor will SKF bind when 
reversements and spinning nose dives cause the whole 
structure to rack and creak. SKF Rail Bearings are 
self-aligning. 

SKFBALL BEARING CO. 

HARTFORD 


CONNECTICUT 

M 62 ) 




